170 grain yield, and kernel weight. Kernels m -2 was calculated using grain yield and kernel weight.
171 Plump seed was recorded as the portion of the grain sample mass that fell through a 2.18 × 19.05 172 mm screen (5.5/64" x ¾" slotted sieve). Test weight was measured as specified by the Canadian 173 Grain Commission's Official Grain Grading Guide (2012) in order to determine milling quality.
174 To measure the percentage of the kernel that consisted of the groat, the kernel hulls were 175 removed using a compressed air, oat laboratory-dehulling machine (Laboratory oat huller LH 176 5095, Codema, USA). A 50 g sample was used with a dehulling time of 60 s, an air pressure of 177 690 kPa, and a blast gate aperture of 1.5-2.0 cm (Doehlert et al., 1999; Doehlert and McMullen, 178 2001) . Groat percentage was recorded as the mass of groat divided by the mass of the whole oat 179 multiplied by 100.
180
Economics of Nitrogen Fertilizer Rate
181
To increase the understanding of the impact of N rate on the financial return to producers 182 a simple economic analysis was conducted. The change in gross return ($ ha -1 ) as the N rate 183 increase was calculated at three oat prices, 130, 162, and 194 $ t -1 and three cost of N fertilizer, 184 1, 1.5, and 2 $ kg -1 . The gross return at each N rate was calculated for each of the nine oat price 185 by N price combinations. The change in gross return was calculated within each replicate giving 186 a change in gross return for each plot. The 5 kg N ha -1 rate was used as the base return for each 187 oat price by N price combination. The difference in return at each N rate compared to the base N 188 rate was calculated at each of the nine oat price by N price combinations.
189
190 Gross return = grain yield (kg ha -1 ) x crop price ($ kg -1 ) -(N rate (kg ha -1 ) x N price ($ kg -1 ))
192
Statistical Analysis
193
Mixed model analysis of data was conducted using the Proc MIXED model procedure in 194 SAS software (Littel et al., 2006 213 however, dry conditions during April and May allowed seeding to proceed, but somewhat later 214 than normal for the region. Precipitation was above normal in June and July, but below normal 215 during August and September. Temperatures during May and September were more than one 216 degree above normal, and more than one degree cooler than normal during July 2013. Overall 217 moisture was rarely limiting during either year at Melfort.
218
The residual level in the soil the fall prior to seeding at Indian Head was 11 kg N (NO3-)
219 ha -1 and 10 kg P (PO4-3) in 2012, and 33 kg N ha -1 and 10 kg P in 2013. At Melfort the residual 220 levels were 36 kg N ha -1 and 54 kg P in 2012, and 32 kg N ha -1 and 20 kg P in 2012. The 221 potassium level in the soils was 540 kg potassium ha -1 or greater at each of the sites.
223

Plant and Panicle Density
224
Plant density was only affected by site ( 250 averaged across N rates and sites was 111 cm when pyraclostrobin was applied, 112 cm when 251 propiconazole + trifloxystrobin were applied and 113 cm when no fungicide was applied.
252
Lodging was affected by site, N and site × N, but was not affected by fungicide (Table 2) . 278 leaf tissue is available for infection and with the increased growth and leaf size it might even 279 slightly increase the leaves susceptibility to infection. Further study is required to better 280 understand the mechanisms behind the increase in leaf disease as the N rate increased.
281
The application of a fungicide reduced leaf disease on the flag leaf at the two locations,
282 Melfort 2012 and Indian Head 2013, with slightly higher levels of leaf disease compared to the 283 other two site years (Table 4) 302 linear delay in maturity from 1 to 4 days as the N rate increased (data not shown).
303
Kernel weight was affected by fungicide, N, site, and site × N ( Table 2 ). The kernel 304 weight when no fungicide was applied was 34.0 g 1000 kernels -1 . The application of 305 pyraclostrobin increase kernel weight to 34.4 g 1000 kernels -1 (LSD 0.05 0.4) while the application 306 of propiconazole + trifloxystrobin increased kernel weight to 34.9 g 1000 kernels -1 (LSD 0.05 0.4).
330 fertilizer rate increased from 5 to 120 kg N ha -1 while another cultivar had a curvilinear increase 331 that peak around 80 kg N ha -1 . In a Manitoba study, 2 site years required 40 kg N ha -1 and two 332 other site years required 120 kg N ha -1 to maximize yield . Lafond et al. 333 (2013) found that a maximum yield was achieved at 60 kg N ha -1 . The N response in this study 334 was similar to other studies but the responsiveness to N rate appears to be more consistent in the 335 current study compared to previous research. This likely reflects ample moisture conditions in 336 the current study.
337
The response of grain yield from a fungicide application was inconsistent. An 338 application of pyraclostrobin increased grain yield at 1 out of the 4 site years, Indian Head in 339 2013, and decreased grain yield at 1 out of the 4 site years, Melfort 2012 (Table 4 ). An 340 application of propiconazole + trifloxystrobin had no effect on grain yield. These responses are 341 not enough to support a fungicide application as Triactor is a moderately resistant cultivar.
342 Application of fungicide did not benefit the grain yield at the disease levels measured in this 352 Since crown rust resistance is a major focus of oat breeding programs in North America, it would 353 be interesting to determine the level at which leaf diseases other than crown rust need to reach 354 before fungicide applications become economic. In the current study, no benefit from a fungicide 355 application was noted in the presence of low leaf disease intensity with a cultivar with good 356 resistance to the leaf disease. 
371
Test Weight
372
Test weight was affected by N, site, and site x N but not by fungicide application (Table   373 2). At three site years, Melfort 2012, Melfort 2013, and Indian Head 2013 there was a small 374 linear decrease in test weight as the N rate increased (Fig. 4) . The decrease was so small that the 379 At Indian Head in 2012 there was a curvilinear decrease in test weight as the N rate increased.
380
The decrease from a test weight above 245 g 0.5L -1 to a level below 235 g 0.5L -1 at Indian Head 381 in 2012 corresponded to an increase in lodging that occurred as the N rate increased from 100 to 382 140 kg ha -1 (Fig. 1) . In an earlier study with two cultivars, the cultivar with the greatest increase 422 drastically dropping as the N rate increased from 120 to 140 kg N ha -1 (Fig. 7) .
424
Economics of Nitrogen Fertilizer Rate
425
To examine the economics of the N rate response curve for this study, the economic 426 return generated by each N rate compared to the lowest N rate, 5 kg ha -1 , was calculated and 427 presented in Fig. 8 . For each of the nine combinations there was a significant quadratic contrast 428 as the N rate increased with a P value of less than 0.001 for each combination. At a low value 429 for oat of $130 t -1 (Fig. 8a ) the best N rate is very sensitive to the price of N. When the N price is 430 $1 kg -1 a rate of 100 kg N ha -1 provided the greatest return and as the cost of N increased the N 431 rate that provided the greatest return drop to between 60 and 80 kg ha -1 at $1.5 kg of N and 40 kg 432 ha -1 at $2 kg. As the crop price increased to $162 t -1 (Fig. 8b) and $194 t -1 (Fig. 8c ) the optimum 433 rate increased to 100 kg ha -1 except when the price of N was $2 kg. At a N price of $2 kg the 434 optimum N rate was 60 kg N ha -1 when the oat price was $162 t -1 and 80 kg N ha -1 when the oat 435 price was $194 t -1 . In general as the oat price increased the impact of N cost decreased, reducing 436 the economic risk from high N rates; however, in this study there were negative impacts on 437 grain quality from the increase N rate, lowered test weight, increased thin seed, and lodging.
438 Lodging that individual producers experience in their own producer fields may be the largest 439 hindrance for many oat growers in using a higher N rate. As demonstrated at Indian Head in 440 2012 significant levels of lodging can reduce yield and quality reducing both the amount of grain 441 available for sale and the price of the crop being sold. This may lead many growers to use a 442 lower N rate than found to be optimum for grain yield to reduce the risk they assume when 443 growing an oat crop. 448 indicate that growers can treat these management practices independent of one another. Disease 449 was not high enough to effect grain yields significantly, and fungicide showed no benefits to 450 improve key quality variables such as test weights and groat percent. Lodging increased with 451 higher N rates overall resulting in lower test weights as seen in previous studies. Cultivar 452 resistance was moderate and leaf spot diseases remained low but were shown to increase with 453 higher N rates. Nitrogen rates significantly increased grain yield as the N rate was increased 454 from 15 to 140 kg ha -1 . At a low price of oat, $130 t -1 , the N rate that maximized economic return 455 was very sensitive to the price of N fertilizer. As the crop price increased the optimum N rate 456 was100 kg ha -1 except at $2 N ha -1 . There were small negative impacts on grain quality at this 457 rate; however, the decrease in quality observed in this study would probably not be enough to 458 affect the economic returns received by the producer except at Indian Head in 2012. Lodging 459 may be a limitation on producers implementing this N rate. In conclusion, our results indicate 460 that using an N rate of 100 kg ha -1 provided the most consistent economic returns when the crop 461 price is between $162 t -1 and $194 t -1 and that there is no beneficial interaction between 462 fungicide and N for growers using higher N rates. 
-----------------------------P value -----------------------------
Fungicide (F) N/A 0.kg N ha -1 ----Panicles m -2 ---- ----g 1000 kernels -1 ---- ------cm ------
